Lactobacillus spp. are currently arranged into three groups (I, 11, and 111), previously referred to as subgenera Thermobacterium, Streptobacterium , and Betabacterium , respectively (9). The obligately heterofermentative lactobacilli are assigned to group I11 (9). The deoxyribonucleic acid (DNA) base composition of obligately heterofermentative Lactobacillus spp. (34 to 53 mol%) covers almost the entire span (32 to 53 mol%) of the genus Lactobacillus (9). Furthermore, different heterofermentative Lactobacillus spp. do not show significant DNA homology between each other (9, 15). DNA-DNA hybridization is considered to be one of the most reliable techniques and is used extensively in bacterial taxonomy (13). The present classification system in Bergey 's Manual of Systematic Bacteriology is based on conventional physiological and biochemical tests, growth at 15"C, cell wall composition, electrophoretic mobility of specific enzymes, and moles percent guanine plus cytosine (9).
Lactobacillus spp. are currently arranged into three groups (I, 11, and 111), previously referred to as subgenera Thermobacterium, Streptobacterium , and Betabacterium , respectively (9). The obligately heterofermentative lactobacilli are assigned to group I11 (9). The deoxyribonucleic acid (DNA) base composition of obligately heterofermentative Lactobacillus spp. (34 to 53 mol%) covers almost the entire span (32 to 53 mol%) of the genus Lactobacillus (9). Furthermore, different heterofermentative Lactobacillus spp. do not show significant DNA homology between each other (9, 15). DNA-DNA hybridization is considered to be one of the most reliable techniques and is used extensively in bacterial taxonomy (13) . The present classification system in Bergey 's Manual of Systematic Bacteriology is based on conventional physiological and biochemical tests, growth at 15"C, cell wall composition, electrophoretic mobility of specific enzymes, and moles percent guanine plus cytosine (9).
Protein electrophoresis has been used extensively for the classification and identification of bacteria (11 
MATERIALS AND METHODS
Bacterial strains. All strains were from the American Type Culture Collection (Rockville, Md.), except L . kandleri and L . reuteri, which were from the Deutsche Sammlung von Mikroorganismen (Gottingen, Federal Republic of Germany). The strains are listed in Fig. 1 .
Culture conditions. MRS broth (E. Merck AG, Darmstadt, Federal Republic of Germany) was supplemented with 1.5% (vol/vol) fresh yeast autolysate and 25 Fg of DL-mevalonic acid lactone (Sigma Chemical Co., St. Louis, Mo.) per ml. Fresh yeast autolysate was prepared by suspending 200 g of bakers' yeast in 1 liter of distilled water. The suspension was autoclaved for 30 min at 121"C, cooled overnight at 6 to 8"C, and centrifuged at 15,000 x g for 10 min. The pH of the medium was between 6.4 and 6.8 before sterilization.
Eighteen-hour-old cultures were harvested by centrifugation, suspended in 100 ml of 0.01 M phosphate buffer (pH 7.0), and washed twice in 100 ml of 0.0032 M tris(hydroxymethy1)aminomethane hydrochloride buffer (pH 7.0). A 5-ml portion of 0.0064 M tris(hydroxymethy1)aminomethane hydrochloride buffer (pH 8.4) containing 0.001% (wt/vol) deoxyribonuclease from bovine pancreas (Sigma) was added to 5 g (wet weight) of bacteria.
Preparation of cell extracts. The cells were sonicated on ice for 5 min in a model W-225R ultrasonicator (Heat SystemsUltrasonics, Inc., Plainview, N.Y.) set at 35-W output and 50% duty cycle. The protein concentration was determined with a Klett-Summerson photoelectric colorimeter (Klett Manufacturing Co., Inc., New York, N.Y.) with a green filter (500 to 570 nm), using the methods of Lowry et al. (12) .
Electrophoresis, densitometry , and normalization of densitometric tracings. The methods described by Kersters and De Ley (10) were used for electrophoresis and densitometry. The reagents were all from Merck. Electrophoresis was done in a Pharmacia GE-2/4 gel electrophoresis apparatus (Pharmacia, Uppsala, Sweden). The electrode buffer [0.064 M tris(hydroxymethy1)aminomethane hydrochloride, pH 8.71 was circulated from the lower to the upper electrode chamber and kept at 8 to 9°C by water circulating in a glass coil from a refrigerated bath (Endocal; Neslab Instruments, Inc., Portsmouth, N.H.). The gels were scanned in a Beckman DU-8B spectrophotometer with a gel scan module adjusted to the following settings: absorption wavelength, 650 nm; average reading, 1; slit width, 1 nm; span, 0.55; chart speed, 10 cm/min; gel speed, 2 cm/min; gel slit, 0.1 nm; gel start, 30 nm; gel end, 105 nm; area calculation automatically selected; no background was subtracted.
Photography of gels and normalization of photographs. To photograph gels, we followed the methods described by Kersters and De Ley (10). Photographs were taken with a 35-mm single lens reflex camera fitted with a macro lens (50-mm focal length) and a yellow filter (Kenko Y-2). Kodak Technical Pan film 2415 (TP 135-36) and Ilford Ilfospeed 1.1 M glossy medium weight photographic paper were used.
Computer-assisted numerical analysis of normalized electropherograms. The normalized densitometric tracings were converted as described by Kersters and De Ley (10) into a sequence of 120 numbers, representing the optical densities (expressed in millimeters of height) of each position on a scan. The Pearson product-moment correlation coefficient (r) between any pair of densitometric tracings of protein patterns was calculated for 90 gels (three gels per strain).
Clustering was by the unweighted average pair group method.
RESULTS AND DISCUSSION
Computerized numerical analysis of electropherograms grouped the 30 strains, originally assigned to 11 species, at r = 0.50 (Fig. 1) .
Six strains of L . buchneri formed cluster I at Y 2 0.83. Two subgroups were evident at r = 0.93. L. buchneri ATCC 11579 and ATCC 9460 formed a tight cluster with the type strain (ATCC 4005T) in the first subgroup. The overall protein patterns of these three strains were almost identical, but ATCC 4005T and ATCC 9460 contained fewer bands in the upper part of the gel. DNA-DNA hybridization studies have shown that these strains are genetically closely related (15) . The second subgroup comprised L . buchneri ATCC 12936, ATCC 12935, and ATCC 11307. The overall protein patterns of L . buchneri ATCC 12935 and ATCC 11307 were almost identical and clustered at r = 0.94, indicating that they are genomically closely related. The DNA homology between strains ATCC 12936 (subgroup 2) and ATCC 4005T (subgroup 1) exceeds 70% (15) . Strain ATCC 12936 had fewer bands in the middle of the gel and clustered at r = 0.89 with strains in subgroup 2. However, the overall protein pattern corresponded well with those of strains ATCC 12935 and ATCC 11307. A high correlation was found among the DNA-DNA hybridization studies have revealed that L. brevis ATCC 8007 and DSM 20054 (ATCC 14869, the type strain) are genetically not closely related (7). Furthermore, studies on DNA base composition, DNA homology, lactate dehydrogenase mobility, and cell wall composition have indicated that L. brevis ATCC 8007 and L. kefir resemble each other closely (7). In our study, the protein pattern obtained for L . brevis ATCC 8007 differed from those of all other beta bacteria examined (Fig. 1) . However, L. .,6r was not included in our study, and L. brevis ATCC 8007 might well be a strain of this species.
Five L. fermentum strains grouped with the type strain of L. cellobiosus (ATCC 11739) at r L 0.77 in cluster 111. L . cellobiosus has been reclassified as L. fermentum by using DNA homology as the criterion (6, 9 
